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d .  See1 diameter is l a r g e  cmprx?  t o  R .  

3 = sea l ing  contact f o r c e  - 
1.j. = coe f f i c i en t  of friction 

#/in 

- 3 1 ,  = scaling forcl. dl_zz to 
;1rZssizr;! - ,#/in 

T = tangential fo rc I :  - #/in 
C = angle .  - d c p r c a s  
t = w a l l  thickness  - In  

M = bznding molnent 

f = shcaring fo r%?e  - 
saaling 

Fg= i n i t i a l  scjueczt” 
fo re2  - #/in 

V = shear  f o r c e  - d/in 
R = r a d i u s  
F = , r ~ ~ s u r e  l n 3  - ;:si 

2.3.  Th2ors t ica l  Anulysis: 
t L ? t K = R  + y  

(1) f = u(?) i i (F ,~  + Fg) 

(2) 
I’ 

t M3 = f-  
2 

(due t o  sk i f t ing  f to tho mean radii is)  

( 5 )  m = 0 x 
v - P I ( - f  



( 8 )  From Eq. (6): z@= -R sine 

S u b s t i t u t i n g  Eqs .  (6) an6 (8) i n t o  ( 7 ) :  

?T 

Solving Eq. (? )  

Substituting Eq.  (10) i n to  ( 6 ) :  

Using  aga in  the Theory o f  Lsast  Work: 

Subs t i tu t ing  E q s .  (11) snd (13) i n t o  (12): 

Solv ing  Eq.  (14), 'die obtain:  

I-' Z L ( n L  - E )  - sRK(w - 2 )  f R L ( G C  - 4) 



S u b s t i t u t i n g  Eq.  (1-5) i n t o  ~ c , .  (13): 

S u b s t i t u t i n g  Ec,. (17) i n t o  3q .  ( 4 ) :  

?.I. Cavi ty  D;'sLEn: B33'3i"l on praviotls s z a l  exporisnc2 
2 f & c e  of 103 #/lini.ar i nch  b-?t7::et?n tha  s e a l  and the sealing 
surface is adeqtlate f o r  a no l eak  s e a l .  
5-49 x 3 / c  screws s?ac,+3 a t  one inch  intervals around the 

S i x t y  f o u r  No. 

A l ~ r ~ g ~  47 a r e  s u f f i c i a n t  t o  generatc the raqxired sealing f o r c e  



and ILZS;~ the def l ec t ion  b-.t;..>on scr+-N's t o  l e s s  than 3 . S 5 3  
inch. Since th.3 p r o ~ o s ~ d  C-Ring s + a l  of F ig l i r e  4 has a s p r i e g  
back of a p j t r o x k a t e l y  3,929 inch,  t h c  r;sii.ltmt variati .cn In 
s- ,aiing forcd  arovnd t h e  s e a l  c i r c m f z r c n e c  -ra?ild be ap2rox-  
h a t c l y  15:;. A sea l  d e v c l o 9 A  f o r  t h z  aluniinlm flanges sholtld 
fknc t ion  s a t i s f a c t o r i l y  if 363rylliurri i s  i i sed .  

3 . 2 .  5" na JJJ-Jg durface r, Def lec t ioa  Du e t o  Aanl i ed  Pressure 
Qiffar;ntiaL: RefGrring t o  Tigurc 5, the bas ic  defl5ction 
-roblem I s  whether t h e  sealing s w f a c c s  will d e f l e c t  o r  c+m, 
i y i t h  an i n t e r n a l  p ressma of one atmcs2hzre and an ou t s ide  
prqssur? of 19-t Torr .  F;, and Xp a r e  thc  f o r c e  and bending 
:.o,i:cnts rzsFec t ive ly  t r a n s m i t t a d  f r o n  t h e  spher ica l  shell t c  
th-? f1ang.s. Using a r)rcsslir3 differential of 15 p s i  Fp i s  
r+a lc l i la t+c l  t o  b-, 75  Ib / in  and :;> = .t$ i n - i b j i n .  
srsa11 vallie of M7, it has b l x n  n>gl3ct& i n  t k c  following 
c a l c u l a t i o n s .  
Fa. 1 ~ 1 ~  g o  Z~?I'O o r  bacor-e negative. 

Due to t h e  

If t h a  s c a l l n c  s w f a c e s  d e f l e c t ,  t h e  force  
'1 7 

L e t  FB L- f',93 lb/in ( E a s d  on 64 S C T ~ ' . : ~  or: a 1" 
c i r cunf 2 r ent 131 2 r ac Ing ) 

Fs = 133 l b / h  

F = 75 l b / in  P 
rF = 3 ( S e e  F i ~ u r ?  5) 

(l) FTJ~ -.. - Fyj + F, + 732 + F, = c, 
n:A = 3 

is ;3,033 p s i  a t  133 Ib / in  ssai ing fore;?. T h i s  mgni tude  of 
c o n t a c t  s t r c s s  is sTifficiznt t o  p l a s t i c a l l y  dt?form the  s o f t  
n _ i t a l  2lating l n t o  thi? sqrfa:3 f i n i s h  i r r z p 1 l a r i t I e s .  The 
= . o f t a r  m t a l  p l a t i n g  on the  s e a l  should a l s o  p revan t  coining 
o f  the  aPiminm o r  bcrylliilrri s i r f a c e s  and a l low f o r  r e -me-  
a b i l i t y .  



3.4. Efanufacturinn Drawinas: Manufacturin drawings 

Covers (PSI Drawing Ho. F-1643), and the C-Rings (PSI Drawing 
No. C-1645) were prepared fol lowing the analytical design of 
the C-Rings and proto type  ancloslzre and are  enclosed. The 
material f o r  the rings was c z r t i f i e d  t o  be Aluminum 6061-T6. 
It was iziiiortant t o  havs L i g h  s t r m g t h  mater ia l  i n  the rings 
because of tha t a g y d d  scxe:.: tkA~sdhds. 

of the  Cylindrical Rings (PSI  Drawing PJo. 0-16 4- t  ) Hemispherical 

4, @anufacturing of C-Riniz j;eals and P r o t o t y p e  Enclosure 
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adapters  from $-NPT t o  hose or tubing connections could be 
i n s t a l l e d  o r  e i thc r  h o l e  could be closed by B p i p e  plug .  811 
fittings were saaled using t e f l o n  tape  and g l y p t o i .  
leads f o r  a 600 watt nichrone cone hzater  were introduced thrm h 
a Conax S t a i n l e s s  S t e e l  Thernocouple Gland No. TG-lb-Ak (6'' IPS f" 
An iron-constantan thermocouple was introduced through P Conax 
Stainless 3teel Speedwell Tkiermoco1~ple Head No. SPW-WQB-(G) . 
D e S a f l s  sf these fittings are shown in Figure 11. 

The i n s t a l l a t i o n  of the  heater and thermocouple are shown 
ir, F igure  12. 
the  heater .  Tho  thermocovple junc t ion  lrjas c lose  t o  the center  
of th2 enclosure.  A r a d i a t i o n  sh i e ld  i n  the  form of a tube with 
s a v c r a l  holes i n  it vas p laced  over the thermocouple element. 
Th-? end of the  tiib9 was g l i igged  t o  mire t he  sh ie ld  complete. 
The tube was f i l l a d  with s t ee l  wool and supported over tha  
element by two 0-Rings. The purpose of t h i s  r ad ia t ion  sh ie ld  
was t o  assure t h a t  t h e  thermocouple would respond only t o  the 
gas temperature In t he  enclosure and not  t o  rad ia ted  heat, 

6,2. Fabricat ion of Rubber 0-Ring Seals:  To s e t  Up 
encloswes  with rubber 0-Ring seals it  was necessary t o  fabricate 
s ~ h  seals 20 inches i n  diameter. Two rubber 0-Rings were made. 
For tach s e a l  inch cross-section neoprene rubber 0-Ring stock 
was cut t o  length ,  
Eastman 910 adhesive. 

6.3.  Tests lising Rubbw @-Ring, 3 n e l o s n c  Seals: The t e s t  
proei3rdures and r e s u l t s  in which nibber O-Ring enclosure s e a l s  
were aised are docmented i n  Tables 1 and 2. The information 
i n  Table 1 shows t h a t  t he  enclosure could be made bubble t i g h t  
using rubber 0-Rings, that a l l  f i t t i n g s  were bubble t i g h t ,  
and t h a t  the hea ter  and thermocouale f'unctioned over the 
t empera i tv s  range of 29OC t o  75OC. Upon disassembly of t h e  
covers ,  it was seen t h a t  the flanges had coined under the  heads 
of the  screws, For  this rmson brass  washers which were on 
hand wera used under the heads of t h e  screws during assembly 
of Znclosure B. Also the torque wrench cras acquired and used 
t o  con t ro l  and l i m i t  t h e  S C P ~ W  force during t h e  second assembly 
of &closure B. Enclosure B with t h e  nibber 0-Rings i n s t a l l e d  
vas t e s t e 6  using the  eval~iation chamber and leak detector t o  
chack the  t e s t  procedures and t e s t  hardware. 

Electrical 

The thcrrnocou?le was p l a c e d  diamet r ica l ly  opposite 

A butt-joint was made and bonded with 

Table I 

Enclosure A (sides 1 and 2) 
with Rubbar 0-Ring Saals  

1. Rubber 0-Rings i n s t a l l ed  i n  grooves of c y l i n d r i c a l  ring. 
2. Assembled hemispherical covers. 

3. 

- 

2a. #5-43 Allen head cap screws used. 
2b. Torqiied l i g h t l y  by hand. 
Atmospheric a i r  plus 13 psig helium applied t o  enclosur 
3a. Water plus detergent used t o  check for bubble leak 

Ie 
found to be bubbl 



found around circumferences of s a a l s .  

4. 
s c .  B o l t s  near bubble lnaks t lghtzned l i n t i l  leaks s t o p p e d .  
E l e c t r i c a l  power run t o  cone hea te r .  
ba. Current controf lcd through 2 kva atlto transformer. 
4b. Prcsstlrs buildup inside encloswe &le t o  heating of ~ 

f c .  Thermocouple monitored over tenperatl ire range of 
the  as bled o f f .  

2OOC t o  7 5 O C  by an @I Model 533 pyrometer having a 2% accuracy. 

Tab12 2 

Znclosura B ( s ides  3 and 4) 
with Rubber 0-Ring Seals 

1. 
2. Assembled h m i s p h e r i c a l  cov'3rs. 

force/screv) . 
3. 
a t  s a l s  and fittings. 

found around circumfcrenccs of s a l s .  
4. 

Current control led throixgh 2 kva au tc  transformer.  
Prcssure buildup inside enclosure due t o  heating of 

the  as: ble6 o f f .  

t o  75OC by the A P I  503 pyroac ter .  
5. 

Rubber 0-Rings i n s t a l l e d  i n  grooves of cy l ind r i ca l  r ing .  

2a. #5-40 Allen head ca? screws and brass vashers used. 
2b. A l l  screws torguzd t o  5 in- lb  (600 lb. ax ia l  

Atmospheric a i r  plus 13  p s i g  heliwn a p p l i e d  to enclosure. 
->a. 7 

3b. Fittings found t o  be bubble t i g h t ;  some bubble leaks 

Blec t r i ca l  power run t o  ccne hea te r .  
4a. 
4b. 
k.  Therrnocou?le monitored over temperature range of 23OC 

Enclosura placed i n  wa lua t ion  chamber. 
5a. Chamber connected t o  external leak detector manifold. 
5b. Enclosure evacuated by znachanical w c u m  pump. 
5c. Chamber part ia l ly  evacuated t o  -2.5 i n  hg. by 

5d. Leak de tsc tor  prcssurc not  rGcoordad. 
5e. Lsak de tdc to r  rnetzr roadfngr 0.19C). 

Attmuator  d i a l  a t  33OX 
Therafore,  l e a k  r a t4  reading = 30 divis ions.  

4f . Enclosure prassure incr2assd t o  7 p s i g  helium. 
Sg. Leak de tec tor  t h r o t t l e  valvc s e t  f o r  pressure of 

3.31 micron. 
5h. Leak de t sc to r  meter rzading: 0.217 

Attenuator dial a t  303 X --_ _ _  
Therefore leak r a t s  reading = 65 divisions. 

51. External l eek  detsctor  manifold exhausted. 
51. Calibrated g l a s s  l e a k  in t rodwed i n t o  manifold. 
%. Chamber presstire nlaiiitaincd a t  -2 .5  i n  hg .  
51. Leak de tec tor  throttlc valve unchangsd; l eak  de tec tor  

,"m. Loak de tac tor  roeter reading: 9.117 
Attenliator d i a l  a t  j90X 
Therefore, ca l ib ra t ion  l e a k  r a t e  reading = 35 divis ions.  

Water plus detargent  used t o  check for bubble leaks 

mechanical vacum pump . 
~~ 

~ 

pressure remaimd 3.01 micron, 

. ... 

~ 
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20a. Bnclosure pressure raised t o  -10 in He vacuum 
(20 in Hg a b s ) .  Cas mixture: 39 parts N2, 1 part He. 

20b. Chanber p re s sme  observed t o  5 s  greater than 20 
micron ( f u l l  s c a l e  on d i s c h a r g e  vacum gago). 

2Oc. Pressure between mechanical and diffusion pumps I 

of' vacuam pimping s y s t m  cbsmved t o  be just under full 
sca l e  (2333 micron) on P i ran i  vacitiuo gage. Therefore, 
chamber presswe vas less than 2303 microns. 

3.325 nicron. 

s c a l e )  

23d, Throttle valve s e t  for leak detector  pressure of' 

2%. Leak detsctor meter reading: 1 (tending off fill1 

Attenliator d i a l  a t  330X 
Thcrefors ,  l eak  r a t e  reading = 303 d i v i s i o n s .  

29f. Gutgut of vacunii pumping system excluded from 
ert:.rnal l e a k  <1Gt?ctor r.anifo!_d. 

29g. Calibrated p i r e  hcliun: g lass  leak introduced Into 

23h. T h r o t t l e  valvz i n  sane pos i t i on  a s  Step 20d. 

2 3 i .  LcAak de tec tor  pressure:  not  recorded. 

X , j .  Leak d e t e c t o r  xseter reading: 0.32 

Iranif o l d .  

Attenuator d i a l  a t  1x 
Thzrsfcra ,  calibration l eak  r a t e  r z a d i n g  = 0.02 

d i v i s i o n s .  

21. Chambtx and enclosiire slo;i;.ly v e n t d  t o  atmosphere. 

22. B e l l  j a r  rmoved  f r o m  vacmc:  chambx bass  p l a t e .  

2.:. Enclosiir.3 :)laced i n  evalliation chamber i n  high leakage 
r a t 2  sc t - i i p  ( F i g w e  19). 

24. 

25. 

X .  Leakage r a t e  t c s t  r m ,  

E c c l o x r l z  t?vaciiattd 'rsing z x t e r n a l  mechanical vacxtm pimp 

Emlosurs  f i l l e d  -,,;it11 one atmos?lier? of d r y  ni t rogen.  

26a. Enclosqre pressurz increasad i n  1 p s i  increments to 
15 2 s i g  (nltrogerJ;  d r o p p e d  t o  5 ~ s i g ;  dro22Jd  t o  9 p s i g .  

36b. 'dat )T' ? i s > l a c c d  froT 2 i?e t t12  by eiicfosure leakaga gas 
Goll;.ctcd i n  g r a d l i a t x l  c y l i n d e r  (clct2rniined f o r  each 1 p s i  
iai: I' .mm t ) . 

\ 



* 7.f  

27. Enclosure rernovad from chamber. 

28. Esmispherical c o v w  cn s i d e  3 renoved and rey lacad .  

2 3 .  Remlsgherical c o v x  on s i d e  3 removal. 

"scrubtt  marks. 

3Oa. Sealing l i n e  on f l a n y c  obscrval  t o  be continuo-is, 
j3b .  S3aling li:ic ir, t h e  for21 of a band of l i g h t  r a d i a l  

31. C-Ring ramoved from c a v i t j .  

r a d i a l  "scrlibtl :narks. 

31a. Sealing line OR r i n g  obszrvsd  t o  bs continuo:is. 
3 lb .  Sealing l i n e  i n  the  form of a barid of very i i g h t  

32. E n c l o s u r e  r o a s s m b l e d .  

7. Conclusions 

Became of t h e  niimbsr of var iabl->s i n  t h s  design of a 
t x a t y - i n c h  diaineter :zeta1 enclosurr, s s a l ,  the l i l n i t d d  t2st 
resiilts pressntcd hzre  a r?  not s i i f f i c i  m t  t o  prGdict which 
platings and coatings (if any) should be used with a metal 
C-Ring for a zz ro  l eakag?  s a l .  Thzse r e s u l t s  do s i rggas t  
cx - t a in  design and procr.Sira1 changes t h a t  should r e s l l t  i n  
a minimin, i f  not  a z e r o ,  l s a ' xags  r a t c  lising a C-Ring, 
probably s i lvz r -p l a t zd .  

r a t e s  of t h e  s i l v e r - p l a t s d  s m l s  a s  a flinction of t he  
encloszre  pressure. T h s s ~  d a t a  a r e  f r o z  t e s t s  In the vacmm 
chanber. These data  indicata  that i n i t i a l l y  a t  lower p r2ss ix -3  
d i f f e r e n t i a l s  t he  33a1 \:as q l i i t d  effective. A s  t he  p r e s s u r e  
;!!as increased th2 s e a l  l o s t  i t s  e f f x t i v m e s s .  Figure 14 i s  a 
s e m i - l o g a r i t b i c  p l o t  and, therdfore,  t he  r a t e  of increase  of 
t he  leakage from point 2 t o  Fuint 3 13 m c h  g rea t a r  than from 
poin t  1 t o  poin t  2. F r o 3  s te i ,  9c of Table 5 we s8e t ha t  t he  
b u b b l e  leakage j u s t  p r i o r  t o  t h e  vacliuIc t e s t s  was not  obsa rved  
u n t i l  the  dry ni t rogen  p i x s s w e  r.jach2d 5' p s i g .  The inc r sase  
of this i)r3ss1ire t o  13 ;?sig r23"Lltsd in a s t eady  increase i n  
the  bxbbli. lGakage. T h s  t k c  h b b l e  leakage t a s t s  and vacii1x-n 
t e s t s  appear t o  be i n  agr;.t?mznt. 

.I* 

Th.2 t h r s e  poirits ylot tcd i n  Figvri., 14 a r c  of' t h e  laaliage 

Figure 15 i s  a ? l o t  of the  tes ts  r m  i n  t h e  h i g h  leakage 
r a t e  t a s t  set-lip. The f i r s t  t3st  (curvt3'A')  does not i nd ica t e  
a leak  r a t e  i n  rasponse t o  the enclosur.; 2ressure of t h e  same 
form as t he  bnbbie leak  t e s t s  and vacum t e s t s  ( t h e  vacum 
t e s t s  po in t s  1, 2 ,  and 3 a re  a l s o  p l o t t e d  i n  Figure 15). 
Poin t  3, however, does a g r e e  c lose ly  with the  d a t a  of t h e  h igh  
leakage t e s t s  a t  ap2roximately 9 t o  13 p s i .  
t h a t  the seal lost i t s  affact iveness  d u r i n g  t he  vacuum t e s t s  
and d i d  not completely recov3r. 

These data s u g g e s t  
0 



I 

The following observations i nd ica t e  the initial sealing 
capability of t h e  s i l ve r -p l a t ed  C-Ring: 

(1) The l a c k  of blbble leakage mtil 5 p s i g  d r y  n i t rogen  
was reachsd p r i o r  t o  vac7nn! tnsting, ( 2 )  the  low leakage 
measured a t  po in t  1 dixring vaclim t i+st ing&((3)  t he  f a c t  t h a t  
a t  1 psig &iring the  f i r s t  h i g h  leakage t e s t  no leak  was 
detected.  One conclndcs t h a t  the s o f t  s i l v z r - 2 l a t i n g  had 
flowed i n t o  s i r f a C ~  irrt?g' i lari t ies both dwing  the  heating 
of t h e  enclosure and ciwing t h e  7eriocl ovarnight j u s t  p r i o r  
t o  vacuum t s s t i n g .  The heating r racess  i n  p a r t i c u l a r  can 
c a m e  a weak bonding of t h e  seal ing su r facs  t o  the  C-Ring 
tkroiigh t t z  s i l v e r .  D u r i n g  t h e  vacwm t e s t i n g  these  bonds 
apparently broke down d u e  t o  the l a r g s  f l ange  de f l ec t ions .  
The mating surfaces  betxecn C-Rings and sea l ing  sur faces  
s t i l l  l ined  up, though, and a t  near z2ro p o s i t i v e  enclosure 
pressures ,  t h e  f lange d2f lec t ions  xer?  not  g rea t  enough t o  
develop a d e t a c t i b l e  l e a k .  knee t he  hemisphc?rical cover 
was removed the  bonding was coc ip l e t s ly  broken down. Since 
t h e  cover could not  be r e p l a c 3 d  iAdth pe r fec t  alignment of 
t h e  sating surfacBs, an increased l eakage  was observed as 
indicatad by c w v e s  B and C of Figure 15. 

clirves A and B demonstrat? t ha t  the  f l e x i b l e  C-Ring responds 
t o  t h e  i n t e r n a l  prrssiire and follocrs tlne flange def l ec t ions .  
The ciirv,?s, A ,  B and C a l s o  sugg2st some analysis which 
e q l a i n s  and kiel;is v a r i f y  ths abovs comnent. 

were m n  (14.7 ;?sia arnbicnt prnssura;  14.7 t o  29.7 ps ia  e n c l o s u z  
pressure)  the  follcwing r e l a t ion  can bd shown t o  be agproximatEly 
t r i s  f o r  t hc  flow of  EL corrizrcssible f l u i d  through a ventur i  
o r  orif i c e .  

Q = Kb;, - F1 

e 

\ 

The decrease i n  t h e  l eakage  r a t s  a t  higher pressures f o r  

Over t he  range of ? r 3 s ~ i i r e s  which the  high l eakage  t e s t s  

9 :  Volun,e floi; r a t 2  

P2:  Throat o r  minircurn j e t  a rea  pressure 

PI: I n l e t  pressurs 
I- If we now p l o t  .Ap agains t  11;) t o  15 9sl.g i n  Figure 16 wr3 

se3 t h a t  t he  curves A arid 3 of Figura 1-5 a r e  no t  of' the same 
form as . ' l lyvs ~p wharaas c1irve C i s .  
i s  t h a t  the  enclosqre s e a l  leakage  paths  approximats a series 
of o r i f i c e s  o r  ventur i s .  Considering the  t h r o a t  or rninirmm Set  
area pressure t o  be the ambient przssiire no doubt leads t o  some 
s r r o r ,  a a r t i c u l a r l y  a t  low enclosiir? pressures .  The r e s u l t s  
do suggest t h a t  the  C-Ring c los s s  'ip the leakage path  size a t  
h igh  pressures.  Also t h e  shape of clirve C suggests t h a t  t he  
removal of one cover causad misalignnent of sur face  i r regular -  
i t i e s  which r e su l t ed  i n  t h e  add i t ion  of constant leakage paths 

The assumption here  
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ra51e 6 

FLAKCE mmzm -: DATA 
(Enclosure w i t h  Gold-Plated Seals) 

SIGE 2 

Pres sur e Deflec t ion  

( p i g  1 Position 1 1’0SitiQn 2 P o s i t i o n  3 
3ehind  301t :jetween : j o l t s  3ehind 3 a l t  

9 

12 

CO12 

P o s i t i o n  4 P o s i t i o n  5 Yos i t lo r ,  L; 
3ehind 3 a l t  %tween 3 o l t s  .3ehinc? 3 o l t  

3 
6 

9 

12  



Table 6 
( c o n t .  1 

FLAXGE DWLECTIO liT DATA 

(Enclosure w i t h  Gold-Plated Seals 1 

SIDE 1 

Pres sure Deflec t ion  

(psig) P o s i t i o n  7 P o s i t i o n  8 Position ? 
3ehind Bolt  3etween 3 o l t s  %hind 3 o l t  

c. 
3 
ti 

9 
12 

c c c 
. O C l l  0 O C l l  .g010 

. cc22 e C C 2 1  ecc2c 

8 cc31 00.3 5 0031 

eckc 40047 .004G 

P o s i t i o n  1 G  P o s i t i o n  11 P o s i t i o n  1 2  
9ehind B o l t  i3etween 3 o l t s  3ehind 3o1t 

c 
3 

6 

9 

12 

c c 
.cc11 . cc 1_G 

. cc 21 GO2C 

. ~ 0 3 2  oc31 

. GO44 0045 

. C C I 1 0  

.c.c31 

, QC44 
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CALCULATICR’S OF LEAKAGE RATES OF TWO 20-IN D X A W E R  SILVER-PLATEX) 
C-RING SICLOSTRE SEWS FRQH LEAK DEXBCEOR IGEEEl READINGS 

Calibrated glass leak:  7.e x atm cc  (He)/sec 

L e a k  detector: Consolidated Electrodynamics Corporation 
type 24-110 

Vacxtum Pumping System: Central Scientific Company No. 94712 
w i t h  Hgvac 28 two-stage p u p .  

5 

Vacuum Test No. 1 

A.  Data 

1. Faclosiire pressare: 9 in. Hg abs. 
(19 par t s  N2, 1 par t  He) 

2. Cal ibrated glass leak r a t e  da t ec t ion  
Leak detector riieter reading: 0.14. 
Attenuator dial at lOOX 
Therefore, ca l ibra ted  leak reading = 14 divisions 

3 .  &closure leak r a t e  detect ion 
Leak detector meter r e a d i n g :  9.433 
Attenuator d i a l  at 330X 
Therefore, leak r a t e  reading‘ = 133 divisions 

B. Calculation of enclosure leak rate 

Leak Rate = p7.E x 13-7 atm cc(He)/aee. 
1 0  d i v .  . 20 parts encl. gas T+-zF 1 par t  He 

L e a k  Rate = 0,145 x lo-3 atm cc/sec = 0.303145 atm cc/sec 

Vacuurn Test No. 2 

A. Data 

1. Enclosure pressure: 15.3 ir,.Hg abs.  

2. Cal ibrated glass Peak rate detec t ion  

( 2 9  p a r t s  N2, 1 p a r t  He) 

Leak detector ueter raadlng:  9.233 
Attenuator dial a t  3X 
Therefore, c a l i b r a t s d  leak reading = 9 * 7  divisions 



3. Enclosure leak r a t e  detect ion 
Leak de tec tor  meter reading: 0.26 
Attenuator d i a l  a t  l G O X  
Therefore, leak r a t e  readin@; = 26 d i v i s i o n s  

% I 

B. Calculat ion of enclosure leak r a t e  

Leak Rate = 7.8 x 10-7 atm cc(He)/sec. 
26 d iv ,  30 parts enc l ,  gas 

0.7 dive 1 p a r t  He 

Leak Rate = 8.7 x 10-3 atm cc/sec = 0.0087 atm cc/sec 

Vacuum Test No. 3 

A .  Data 

1. Enclosure pressure = 20 in. Hg abs. 
(39 parts N a ,  1 p a r t  He) 

2. Calibrated glass leak detectllon 
Leak detec tor  meter reading = 0.02 d iv i s ions  
Attenuator dial a t  1 X  
Therefore, ca l ibra ted  leak reading = 0.02 div is ions  

3. Enclosure leak  r a t e  detect ion 
Leak de tec to r  meter readingt 1 
Attenuator d i a l  a t  3OOX 
Therefore, leak rate reading = 300 d iv i s ions  

B. Ca lcu la t ion  of enclosure leak r a t e  

Leak Rats = 7.E x 10-7 atrn cc(He>/sec. 
300 d i v .  40 pa r t s  encl. gas 

(2.02 dlv.  1 p a r t  H e  

Leak Rate = 0,469 atrn cc/sec 


